W
e have previously discussed the use of conventional logistic regression when our aim is to assess binary or, in other words, dichotomous categorical outcomes. 1, 2 That is when the possible answers after examining the outcome variable can be either "yes" or "no." One such example in orthodontics is crowding alleviation after the use of different therapeutic approaches. Crowding alleviation can be either resolved-"yes"-or not resolved-"no."
However, we are frequently confronted with questions that cannot be answered with a simple yes or no; a range of possible responses may apply. When these are characterized by a gradient of ranking across the levels of possible responses, then they are called ordered categorical variables. In such cases, ordinal logistic regression can be applied in the same way that conventional logistic regression is used for binary outcome variables. 3 We will use a simple example to show how ordinal logistic regression can be used in practice. Imagine that we would like to test patient satisfaction after the use of either activator or cervical headgear in a cohort of Class II Division 1 children. We have asked the children to rate how they feel about wearing the appliance in terms of: "unhappy," "somewhat happy," or "very happy." Table  I shows their responses across the 2 groups.
We can see that a higher percentage of children wearing headgear reported that they are either somewhat happy or very happy with their appliance, unlike those wearing an activator, where most children are unhappy (n 5 30; 60%).
We may then use ordinal logistic regression to identify the effect of the type of appliance on the level of satisfaction and draw the estimate of the effect with confidence intervals (Table II) .
The results in Table II are shown as proportional odds ratios, and they can be interpreted in the same way that odds ratios are interpreted for the conventional logistic regression for binary outcomes. That is, for the children who wear headgear, the odds of being "very happy" compared to the combined "unhappy" and "somewhat happy" categories are 3.27 times greater. To interpret the confidence intervals, we can say that we are 95% confident that the true difference in odds in the population lies between 1.50 times greater and 7.09 times greater for those who wear headgear. In the same way, we can also say that the odds for the combined "very happy" and "somewhat happy" categories are 3.27 times greater compared to the "unhappy" category for those who wear headgear. We can also examine the effect of other parameters such as sex and age on the patients' responses about their satisfaction after appliance use in a multivariable model, similar to those used in the conventional logistic regression (Table III) .
In this example, we can see that the effect of the type of appliance remains a significant predictor (OR 5 3.09; 95% CI, 1.40-6.82; P 5 0.005) for patients' satisfaction responses after controlling for age and sex, whereas the effect of sex is nonsignificant after adjusting for the other parameters (OR 5 0.70; 95% CI, 0.31-1.60; P 5 0.40). For the effect of age, we can say that for 1 unit (ie, year) increase in age, the odds of the "very happy" category vs the combined categories of "unhappy" and "somewhat happy" are 1.21 times greater since the other variables in the model are held constant. This does not constitute a statistically significant effect (95% CI, 0.97-1.51; P 5 0.10).
